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(57) Abstract: A variable gain amplifier circuit in 
which current decreases when the voltage gain is 
lowered and the distortion characteristic substantially 
hardly deteriorate. The bases of bipolar transistors 
(Ql, Q3, Q5; Q2, Q4, Q6) constituting grounded 
emitter circuits are interconnected commonly. 
Switches (SW2, SWI, SW0) are provided to the 
emitter sides of the bipolar transistors. By switching 
the switches (SW2, SWI, SW0), the potentials of 
the emitter sides are made a ground potential gnd 
to select a grounded emitter amplifier circuit with 
a different voltage gain to control the voltage gain. 
The corrector currents 10 and the emitter resistances 
Re of the grounded emitter amplifier circuits are 
different from one another, and the ratio between 
the collector currents 10 is in inverse proportion 
to the ratio between the emitter resistances Re. As 
a result, the collector current 10 of each grounded 
emitter amplifier circuit decreases as the voltage 
grain is lowered, and the distortion characteristic 
substantially hardly deteriorate. 

(57) £»: *56W(DiSHte. W£#m& Ttf tz 

&/WtK— ^ h7>vX*Q 1 . Q3. Q5& 
^f^fSW2, SWK SWO$a(tt*fi£t 

So x^^fsw2, swi, swo£ttjy@ 
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pTIEJ: AE, AG, AL, AM, AT, AU, AZ, BA, BB, BG, BR, 
B W, BY, BZ, CA, CH, CN, CO, CR, CU, CZ, DE, DK, DM, 
DZ, EC, EE, EG, ES, H, GB, GD, GE, GH, GM, HR, HU, 
ID, IL, IN, IS, KE, KG, KP, KR, KZ, LC, LK, LR, LS, LT, 
LU, LV, MA, MD, MG, MK, MN, MW, MX, MZ, NA, NI, 
NO, NZ, OM, PG, PH, PL, PT, RO, RU, SC, SD, SE, SG, 
SK, SL, SY, TJ, TM, TN, TR, TT, TZ, UA, UG, US, UZ, 
VC, VN, YU, ZA, ZM, ZW. 

(84) jt^gfS^cBfci^y. ±xa>aso)j£ia«a^ 

Pltej: ARIPO (BW, GH, GM, KE, LS, MW, MZ, SD, SL, 



SZ, TZ, UG, ZM, ZW), (AM, AZ, BY, KG, 

KZ, MD, RU, TJ, TM), 3 — □ (AT, BE, BG, CH, 
CY,CZ,DE,DK,EE,ES, FI, FR, GB, GR, HU, IE, IT, LU, 
MC, NL, PT, RO, SE, SI, SK, TR), OAPI (BF, BJ, CF, CG, 
CI, CM, GA, GN, GQ, GW, ML, MR, NE, SN, TD, TG). 
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m m m 

5 <&m&m> 
<w*anf> 

^5150 nT^5pJ#iii|©IlJi^^>^J$r^l 3 2 ~0 3 4 Hi 3 2 ^^"T^ 1 <7>t£ 

7 b7^^Ql £Q 2 ^fcATU^frK $> ^iffiJtil'glllS&om^m 

M^mjE v g c ^ o t mu^i * tt s „ 

Av2= gm2 •• ZL • exp(Vgc/Vt)/(exp(Vgc/Vt)+ l) — (la) 

{&U gm2|^©^lb-Ct$tl5o 
20 gm2=l/((Vt/lO) + (Re)) -(lb) 

£fc N vtr±* H&fl;EE (Mt^2 6mv) («*.WN #4#fF:£$fe 1 #!$ 

HI 3 3 2 <DfE*W©i«5(HJ#i8«II|g&W\ 7 h 7 9 Q 

3pl#«!l=Wl«jaEVgc^oTIW#$itSo 
Av3=gm3 • ZL •••(2 a) 
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{B.U gm3, Vgcn&KD3&2 b , 2cfi$^5. 
gm3=l/((Vt/I0) + (Re)) - (2b) 
Re - I 0+Vt • log( I 0/ I s)=Vgc - (2 c) 

isiw^-7h7y^^Q3, Q4o^fnfl;ft&-e&«K log 0 
5 tt£&*t#ll#«r*-*- (#J;Lfc£> »f!P*lRl#HS) . 

£fc, HI 3 4 tC^-fB 3 <0fE3fe«O^£*J$**l9*IIIII&Wu El 3 3 Kfjk Lfcgl 2 

10 Av4=gm4-ZL —(3a) 

Av4fcffifl»1-5 (0iJ£f£, #fF^2#Rg) „ 

gm4=l/((Vt/I0) + (Re)) -(3b) 
(^NtfFlfciSt 1 ) Robert G. Meyer, and William D. Mack, Ta DC to 1-GHz 
15 Differential Monolithic Variable-Gain Amplifier] , IEEE Journal of 

Solid-State Circuits, 1991^11^, ^26^, gUl^", p. 1673-1680 (Fig. 2) 
mWFJCtik 1 ) 10-503917 4§-4*# (El 1 ) 

Oftfrlfcifc 2 ) Hf0 1-1 7 9 6 2 0f^ (^1) 
Ld>b^*56>^ EI3 2l^Lfc^lO^^!l^nT^J#liii'IlElSStt, ^la^ 
20 t«lbi»b^5J:5^ 5pJ#fli|»«ffVgc»cJ:6)-r»k— ^=»^^^««K 

IM3=(3/4) • | (Vt/(I0 5 ) • (2 • Re-(Vt/I0))) 
25 /((Re+(Vt/I0)) 4 ) | • (Vin 2 ) -(4) 



2 
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3 5 (a) , (b) *C % JilB^la, 1 b RXf^4 t> h% W bfc, S»J^mffiVgc 

5 Jfc I M3i a u**mmofc(C>IS« ^olUKi&v^T, MEtfc I M3 

RtMUESIWAvtts < d B c IJMfc, Xf± d B HMSfcOWttT* LTV^ 

#JO*ffijfHJ#if*Ilel8&ki\ ^2 a , 2bRtf3;3a, 3b^&^5i5^ 1 
JE5pJ#^Tlffci t fca ^m^^^-t-^o — WffiJt IM3li, ^4 ill 

15 IM3=(3/4) • | (Vt/(I0 3 ) • (2 • Re-(Vt/I0))) 

/((Re+(Vt/I0)) 4 ) | • (Vin 2 ) - (5) 

, mffi^J#Av (^^*3V^TAv3Xf*Av4) &T*f SlBfc=* I 0&WJ> 

V^raJB^fcSo ® 3 6 (a), (b) l^x JLIB^2 a, 2bXtt3a, 3bX 
25 ftlttl Ltcm&vmfrfflmAviZtt-fZlftlfcik I M3£ = V* I 0<!:<7}gg#& 
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10 ±IB«j£fc:«fc*LrJ. MEJIW&Ttffcfc fl>o#iffiJ*;-ett«t£ 

w»y ^ Xtt*3ft^bi-« - £ assure a>5o 
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ft5o 

^/i»©y-^i*-y- b^i&<D#;*>r— K8HKa>bft5#ffi|eI8&fc. flu 

Jbf^v^-rtb^op^^J#lil|>iilI!^^^:*5v^T, stria^^coiiiPiiiissotBs: 

15 ^^mffifDikk y—xm&<Dm»<Dtkk&W<'tZZ- iiaot, «JBBfU»© 

20 *fc, Jtfav^•r^^*>o■s^^f^J#^i*B(Hl^&^^:*3v^T. airiattftoittHiiiiSizi^tt 
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£fc ±lBv^-f^o^r^^lJ#iil|lIIHl^^§^ciov^T x Buis^-f y^SfcsWtiflaK 

±tRmmz «t u > muffin <t o •c««©*iii6iE]i&<0 3i/^^t»*tttKw 

£fc, _bfBV^•r^O■or^J#iil^IIlp]SS^^:i3V^T N mflB^^ y^StfW >v< 
- * K £ <9 «|J& $ fi 5 t> O t -t 5 0 
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(omWMmcomm^ bT-so v ti^i t x\ ifffij#^wc*f5 0 ratted 

\z. *us-r z Wk <d 4 r * m us * z> t> <d t -t z> „ 

20 i-TSo 
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10 <m®^tffi^fti5iw> 

20 
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m 1 1 ft. m 5 mmj&m<o&T&M<o^mn&miB&<Dffij&&7fi-$-®®®-?3b 

m i 3 ft, m 5 ^^s<D»^j(7)^fij#Jiitisii]sso«^^^-riE]8SiiiT^ 
mi 4ft, *mw(om6nnfcn\zm%^mmmm®&(Dmf&*7n-tiB\&m 
mi 5ft, m6mm&m<Dmm(D^mw&mm®ffi<DMf&&7f:-f-m&mx*ib 
mi 6ft, ^Qmrnmrn^mm^umnmrnm^m^^-r^mx-h 

Ull 7 ft, ^6^^SO^M^^»J#it'i«EI^^«^^^-rifi]l^l2IT*& 
111 8ft, ^K(DB7^m^^#SW»U#ii"l'Illll^©^^^i-|lJ!^lll 

m i 9 ft, n 7 mw^m<Dm i ^^!i^^i^J#it'i'MiHii^o^$r^i-iHi^m 

m 2 o ft, i7 niiM^^ 2mmm<D^mmnmmm&<Dmi&*7F-t'm i &m 
x*h\), ■ ■ 

in 2 1 ft, *&w<Dm8mM&m\z&%i^mmmmMm&<DMi&*^i-m&m 
in 2 2 ft, msmmmmcom^^mmmm^mmcDm^^-tm^mxh 
m 2 3 ft, ^pjom9^^^§^fij#iii|iiiii^^^^^i-iii^m 
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y^EITM , 

5 2 6 r±, m i om6S^^*5^s^r^j#ii*B!Hi8S©^w ^ 

gaiiL.state_l»Jl*ti-5«BE3RIfl'AvOH«S:*i-^ r 9 7T?S> «3 . 
10 gain^tate_2^«-f5«JEEf«#Av©B8ISSr^i"^9 7T'fe 5 . 

El 3 o in ^iii^Bi-*3^5^r»J#Jiii>siH]i^oT f ^*/Wi# 

gain_state_3^*J-r 5mflEftJ#Av(Z>M^Sr^-r^7 ^T'fc 9 , 

m 3 4 fi % m 3 ©«i® BT^JpJ#J«<B0K©«fifeSr*-t-|iIl«B|-esfe *) s 

20 si 3 5 f^.m i (Dm&w<D^&mnmm®mz&vzmmmn&v\ztt'fz>wifr 

it I M3<b W,ffi, I 0©i#lr^t^ 7 7t'fcD> 

El 3 6 ttuJB 2SU 5 ! 3 <Of^*^J<© , 5T^J#*eiEll»^*3*-t««JBEflJ#Av^*f 
i-^WiBEit I M3£ = fiMffi I 0(OM&*7*'ty ; 7'7X°&Z> o 

fc*3 % HfO^ts 11,21 f4^T|gflJ#iieiaK*(*: 12, 22ttr^^ 
25 „ 1 0 4tei£fl RFpI^J#ii(iilHlSS, 1 0 7 ttgfS R F *r£$l#J|NIIelMK Q 
Qbl~Qb6J*^^/K— 7 h7^^ MnO~Mn2 > Mp0~Mp2 N M 
p20~Mp22 > Mp200 N Ml~M8ttMOS Re, ReO~Re2te^5: 

V$WiK, RecO~Rec2fi|^+eOJi5: y£r&$t % RsO~Rs2tey— RscO 
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~Rsc2&fflfa<Dy — xmtfi, SWO. SW1. SW2(j:7^yf, I clO N 10 
fj; 3 gain_state_l > gain_state_2^^-f ^^/Wi#-"Cfo 6» 

(IS l ^ife^S) 

&t>*Q5 s Q 6©#x5 {Ifl^-ett-e^SWl , SWO £rg^LTflfj&£*L5 
H l offlttfcfcSsv^ ^»*»feoiMIPflr*t iot^^f yfSW2, SW1, 
20 *i*IlHlS§^ LT»J#U ^5 y*flllSrSMfi«{fc g n d K: LJfcV>#-£W\ 

fitRe0 N ReU Re2<£>ifc£r/W 7 h 7 ^v 5 * ^ 5; 5, ^ ®}f (Difc^fcbM 

o 

I s5= I s3/2 = I sl/4 ••• (6 a) 
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Re0/4 = Rel/2 =Re2 - (6b) 

15 ^tOJt^Sit^J-rS J; 5 fcfcS. Sfcfcx Myf SWO, SW1, SW2^5 

gain_statetf5 0 % 1. 2 -C*><5 i: ^SSi-S. HI 1 3 ffi©;*^ y^fc^TLT 

3 If s> H*j*£: LfcfllSr^L-CV^as, try K«*Ji«b-rt>S*W3&tt^aE 

20 Z.<D% 1 ||Jfc^ffi©BTlE5pJ#ii9fBlHliSomjaE^J»Avltt, SaWft^'f 

h 7 * ? Zfofe-t % &<£>5£7 atS^tlSJ: 5 ^^^T V^^gain_state 

Avl= gml • ZL --(7 a) 

{B.U gml, Re, I 0{3#;O5£ 7 b , 7 c, 7dT^^tt5 0 
25 gml=l/(Re+(Vt/I0)) -(7b) 
Re=Re5/(2 8ain - state ) -(7 c) 
10= I clO • (2 gaiD - state ) - (7d) 

t ^ 2 ,,iM, " 8 fi 2 <Dgain_state^<£:^ b x I cl0f±gain_state^S 0 CD t # 

©a ^mss i ok.~$~%> 0 

13 
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-fT*lUI&&l5fcLT. 3l/^;?liI0^x5 -/^S^tRe^it^Ji-Si 9 

o 

Ji|B^7 a~7 da»bt>^5i 5 K> ^(D^&ffl&tik&W&tt* ^}EfiJ#£r 

15 IM3=(3/4) • | (Vt/(I0 3 ) • (2 • Re-(Vt/I0))) 

/((Re+(Vt/I0)) 4 ) | • (Vin 2 ) - (8) 

20 ^7c N 7d^^8(^At5i, ^©RT^JW^ffilHlKttx gain_state&T^ 

fc*UffiJfctt— JfcfcfcS. wi-e. 03 (a) , (b) fc % ±B*7a~7dRt; 
«8i»&*WLfcs gain_state^^X.T«JEftJ#Av Ofcfc^T Avl) £rfiilJ#PL 
/t»-a-©«JE3pJ#Avm>y"t"S«iflEtt IM3i3 I o£ 
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&*5 N IS 1 ^J&T-tes MyfSW2, SWU SWO%^0«9#x.-C^-f7K 
^v?**©^ y g n d ufcv^-T*jE©ttiSttflEVccte:i-5 <fc 5 

o 

10 

So 

20 . SW1, S W 0 ^) f 7^-7 b 7 ^v 5 ^ ^ (D^^f ^ S' ^ 

*Sj!KtL3fcV^T?i8#BlllKi: UTltpf^UJ&v^ ^<Di5K LT^-f yf SW2> S 
rod; 9l:i2lWta^ y^»J8H««llIIS«r«^5^ 

15 



WO 2004/064251 



CT/JP2004/000181 



m 3 nmm) 

^KL|WJ^<Z>^5 $/*J&in;RecO N Reel. Rec2Sr*qx.fc^ t X*h Z> 0 ^(Dfafe'Bl 
^»ti£|i^-«J&£*bTV^ 0 Z<Dmn<D^$. 7*J&#tRec0 N Reel, Rec2 
10 ©f&0tftifcttu ^5: 7^iS^LReO % Rel x Re2 i: HHUlC^ 5: $/ * ffigfJfctelKffcfll 

RecO/4 = Recl/ 2 =Rec2 ••• (6 c) 

^^iS^IRecO, Reel, R ec2*Mx. 5 £ £ lC J: o T N PHm^-©llff^J#^/h $ 
15 <-e#«©^ ^gp^b©/^7C^^:ML■C^<^Si:V^5^Jm^^^-#e>^^S 

0 7ttlB3^IJfi^l|go3E^©#^Sr^-t-|ili»BI*C5b5o -oWJl^ ^5; 

20 ^bJLfc^S; >y^fe^L^Re2i: Rec2^M?IJ^M©S^i[^^'(iffi"efc ; S ^V^5 

o 
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60 HI 8 £E1 9 ft. ^5: yffcfoReO^ Rel, R e2 t ft 4 1 , 4 2, 

UMBilg&telfcV^ ftftE&4 1—4 3T*l£££;fr5 = ^*ft^i££JiiB5£7 
d£><fc 5fcKJfei-^^ ®J£*iJ#t = i^^^ft«{BRtJ««iJEHs©BI«asv^ixt>|g 

cm 5 hm^s) 

HI 1 0 ittmW&m 5 ^J£^^#^)"ST»J#li"I I IlH]^^1ll^^^-r[el!^SX* 

10 m^mm^mtm imMj&nk<DMi$±(Dmm^ ^yfi ltmos f7 

15 ft*5 N MO s b 7 y v'^^MSW^^'f i^t^v^tit MOS 

|§Jl 3^5HJS^O^M^^^^i-|Hl^iaT'fe6o ittbO 

20 350^ t4s 0 5~El7^^U^2X^3^1jfi^liOfll^^*f^bT^^ 5^ 

25 114 m«©^ 6 mMj&M\z&z> ^&mmmm®&<Dmf& : &7F~t'\m&mx* 

V^^^MnO N Mnl s Mn2 x MpO, MpL Mp2T«J&£ tLSMO S * §: 

17 
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5: i/fiQb&Mtk't E©«KfK©«ttfc"*"5*5teUfcjft-c*>3 

o 

15 t utmost f*-?*m^xm%&*-K.h(DX*ht)^ ^irtuzte^x-bmm. 
20 (gl 7 

* _ 3 r^^»c jc^^i:^v^-cA^ vin<b w^j voutr^©^^*^ 
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Q7, Q 8i5f|tA5ittJ:oT, AJjVinbmt>Voutm<D : &£.g-m*'^t§ < 
7^^^t5i:, mjE5flJ#Avi:«JjEi*IM3^7 a~7 d&^8i 

So 

outm <D^£.mA<D tc tf> K A^J V in** b mtl Vout^fc 5 — ^tf>{f P — * i" 3 

19 
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£fc N 0 2 0»±»7^«6^1l<o»2aE^©fll^cS:*i-|HlKB|-e*)«. 
g ndlJltSi^ldB^ H^^^m^g n dK:LfcV^#ttjE<B«WttEEVcc 

ftitMos h ^ ^fflv^cr i:T?fc^o -<di§-£\ «*oy— 

M6©^- b^-en^tt*iit-^-r5^*^> MOS Fy^^MK M2 
15 <DV — ^{RlJtC^^ yfSW2«U KTi«tMOSb7^^M3, M 
4&TJ*M5, M6 (D^g-y — ^#Jl31^n^^SWl , swo^tt-c^^tis 

o 

JStnUlSRsO, RsU Rs2©jt^MOS f?^^©^ h*I©Jfc^Jfc0H-5 

20 
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5 VtiM*7F^fr&, MOS h9>i?**WRfe£foZfrft~?fel£<, G 
aAsMESFET©i9 ftfc^ft^fr&JHV^SJMHl* b V * ft t\ 

10 HI 2 3&TJ*ia 2 4 tt;fc355B<0$& 9 HJfe^^S TOfl#fl9«lEll&©#jfc«:ja* 

15 ii«i:M7, M8©i oft*?— fiioMos h^^v'^^^n^T, y — 

So 

20 ft3b\ r±«*»* b7^^i UTMO Sh7^^ 

Lfc^JSr^Lfc^ MOS b7^v f ^^^PS^^tt5fc>^t:ii^< , 0lJxJ£. G 
aAsMESFE-TO±5 fc-fc-frfc^MWSrJB V^7cm#$jJP: h 7 9 ft £\ 

25 (ilO»I) 
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(DECORDERl) 1 2 fcttflP tTf^ $ fr5o 

5 ^titS^JB^TV v^/Wf ^gain_state_l^J&CT^»J#jf *gle] 

»11©SW0, SWls SW2<75A^<^V^-ftt^^ r l j fctfJ^U oj^ 



gain_state_l 


SWO 


SW1 


SW2 


Voltage gain 
Av I 


dBJWCdB) 


dBc_IM3(dBc) 


IofcnA) 


2 


0 


0 


1 


3.623 


11.182 


-47.998 


5.000 


1 


0 


1 


0 


1.812 


5.161 


-47.998 


2.500 


0 


1 


0 


0 


0.906 


-0.859 


-47.998 


1.250 



m 1 OMMJ&lfeX'n, 7*4 ■=^^/Wf-i-gain_state_l<DA^I^'^i: bT\ ? n y 
1 k, x-^^d a t a, * hn-^s t bSrfflV^T^y T/W£ 
^(Dy 5 -—? &Aj]-t%) 5 tTV>5 0 v^/WI -5§-gain_state_l<Z)A 

15 -<Dtz<Dmmmte, m&<Dmm\B\v&m<D^$ y 20 

0i|t5i^ ^ 1 Kl^i-J; 9 ^ ^^/Wf-^gain_state_l^ io-CmffiflJ# 

£*5j;^:6 dBt^t'WtSJl^^T^S. El 2 6 1 IC&jSLfc^ v> 
^yWf-^gain_state_HcMi-5mjaEffJ#Av (dBi*) ©|#W^7 7-!?$) 
20 So 

25 Jf5i^^T^6„ 
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(^11 mmmm) 

vtc^mmm^&*^w&t%m\B\&*& (vga2) 2uu = 

^H!^ (DECORDER2) 2 2 $r#Jn Lti^ $ foZ> a 

i^^/Wf #gain_state_25rA^ IT, «2 *Jl*H-<fc 5 l-X-f S^Wt-JH&S&fT 
5 £. £: Kl «fc ?K "T^#J#*ii|'I[H]S&#:#:2 2©SW0, S W 1 (D^fo^tKDAJl 
rij Xte To j §rtti^JbT % SW0 N SWl K:*tJt&i"5^"BllHlK© 5 *>ffit<£> 



(*2) 



gain_state_2 


swo 


SWl 


SW2 


Voltage gain 
Av 


dBJW(dB) 


dBc_IM3(dBc) 


Io(mA) 


3 


1 


1 


1 


6.341 


16.043 


-47.998 


8.750 


2 


0 


1 


1 


5.435 


14.704 
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